Abstract-In this paper, we present an equivalent circuit (EC) in Fig. 2(b) [8] ., EBG and FSS are completely different based technique which combined with the numerical method to structures.
INTRODUCTION
Over the last few years, electromagnetic band gap (EBG) structures are widely used for improving the performance of microwave circuits and antennas [1] [2] [3] .The EBG structures have two important and interesting properties that do not occur in nature. First, EBG have a forbidden frequency band over which surface waves and currents cannot propagate [4, 5] , making them useful as ground planes and planar or waveguide type filters. Second, EBG have very high surface impedance within a specific limited frequency range, where the tangential impedance within a specific limited frequency range [4, 5] . Therefore, the EBG surfaces can have a reflection coefficient of + 1 (in-phase reflection). In practice, the reflection phase of o an EBG structure varies continuously from -180 to + 180 relative to the frequency, and crosses zero at just one frequency (for one resonant mode). The useful bandwidth of an EBG structure is generally defined as -90 to +90 on either side of the central frequency.
Planar arrays of metal patches printed on a dielectric substrate have been widely used as frequency selective surfaces (FSSs) in the microwave and millimeter-wave region [6, 7] . FSSs with patches located on two or more layers have been proposed with the aim of achieving better performace. Fig. 1 (a) shows a schematic diagram of a classic type of EBG structure, which was designed on a piece of substrate with the lattice composed of square metal patches connected to the continuous ground plane by pins, as in [4] ,called as Mushroom-like EBG . Fig l(b) gives the equivalent circuit of this structure [2] . A simple FSS structure which consists of square-loop metal patches printed on the substrate is shown in Fig. 2 .(a) whose equivalent circuit has been derived as shown However, in this paper, we will propose an effective technique to optimize the simple square-loop FSS structure so that the in-phase reflection characteristic can be presented by the optimized structure like the EBG structure. The distinct advantages of the new structure is that its fabrication process is easier than the Mushroom-like structure, and it will be as a substitute for the EBG structures in many practical applications.
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Whatever for the design of a single-layer FSS structure or a multilayer FSS structure, the equivalent circuit model is undoubtedly a simple and efficient strategy, which can predict the electromagnetic behavior of the design. Once obtained, the formulae for the relationship between the circuit parameters and : he geometrical parameters of the structure can easily proVIde geometry parameters satisfying a given objective.
In this section, we make use of the FSS of square-loop unit element in junction with its equivalent circuit model to illuminate our novel technique, which can efficiently optimize the relatively simple FSS structure so that the in-phase reflection characteristic can be presented by the optimized structure like the EBG structure.
In the design process, it is essential to determine the equivalent circuit parameters corresponding to the geometrical parameters of the FSS structure. According to [8] , the equivalent normalized inductance X and the equivalent normalized capacitance B can be expressed as
Zo
In which, X L = wL, Be := _ 1 _ ,for the normal incident plane we
Here, G is a corrected quantity, and the dedailed discussion can be refered to [8] .
3) The resonance frequency 010 can be easily evaluated from the above equitions.
So, the the following design formulae were developed:
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(4) Figure 3 The reflection coefficients from the analysis by the EC and PMM
As an example, we display the reflection coefficient of a single-layer square-loop FSS (see Fig.3 ) along with its equivalent circuit in Fig. 1 (b) . As seen, the reflection coefficient corresponding to the circuit model agrees sufficiently well with the actual reflection coefficient derived from the analysis by the PMM algorithm [9]-[11] over a wide frequency band, which has effectively demonstrated the practicality and simplification of the method to the FSS problem. Table I .Then we assessed the results of its reflection coefficient (see Fig.  4(b) ). Note that the phase of the reflection coefficient is highly oscillatory. Apparently, this structure is impossible to have the application as a in-phase reflector like the EBG structure. As viewed from the interesting and important property: high surface impedance within a specific limited frequency range which occurs on an EBG structure, we performed an experiment, in which we tried to add some impedance to the surface of the FSS structure by adhering some certain resistive patches on the rest areas of the metallic patches. As a result, the additive resistive values can obviously eliminate the phase oscillation of the reflection. So hopefully can we obtain a smooth curve between -90 0 and +90 during a broad-band frequency range like the EBG structure as shown Fig. l(c) . However, the improvement of the reflective phase property is simultaneously followed by the decrease of the amplitude of the reflection-coefficient. From the design point of view, when the phase of the reflection is limited between -90 to 90 in the band of interest and at the same time the elimination of the amplitude is in � tolerated rang (in this paper, we consider that a maximum of 4-dB loss is tolerated), we can think that design have already met with good results, and satisfied the design objective.
The choice of the location of the resistor plays a crucial role. To achieve a optimized design, various location formats of the resistor patches were investigated using the PMM simulator. We found that the symmetrical distribution of the resistor patch around the loop patch is better than the unsymmetrical design, and we chose to add resistor patches between the adjacent metal patches (see Fig. 5(a) ). The effect of the resistor patch can be simulated by adding a resistor in series with the LC branch of the equivalent circuit (see Fig. 5(b) ). To obtain the design formula which relate the resistor values in the circuit model to the resistor patch parameters including the information about the dimension and the values of the resistor patches on the FSS, we employed the PMM method in analyzing the FSS with the resistor patches, and the results were contrast with that of the equivalent circuit model with a resistor in each branch of the LC branch. For a single-layer FSS design, we developed this simple formula:
R e = Asp R f
In which, A s is a constant to be determined by the dielectric constant and thickness of the substrate. P is the ratio of the area dimension of the resistor patches in unit element to that of the unit cell. For double-layer like our design, coupling between resistor patches on the different layers should be incorporated in the modeling to obtain a broad-band equivalent circuit representation, thus we adding some emendation factor to our design formula, as the formula is modified to this form:
The whole parameters for the FSS and the LC circuit have been given in Table 2 .In addition, this structure is terminated by a short circuit, representing the structure backed by a ground plane. As a result, see Fig.5 (c) , the phase response has been smoothed out by adding resistor patch, and the maximal amplitude loss of the reflection-coefficient has been controlled under 4 dB. Compared to the result of the EBG composed by the Mushroom-like periodic structure,(see Fig. I ) it reveals that in some sense we can use this simple optimized FSS as a substitute for the complicated EBG structure.
TASLE II THE PARAMETERS FOR THE FSS AND THE CIRCUIT
II. ApPLICATION
In wireless communications, it is desirable for antennas to be low profile. The low profile design usually refers to the antenna structures whose overall height is less than one tenth of the wavelength at the operating frequency. To this end, a dipole antenna is horizontally positioned near a ground plane. The PEC, EBG surfaces and the optimized FSS are each used as the ground plane to compare their capabilities for low profile antenna designs (see Fig. 6 ). Figure 7 The return losses of a dipole antenna respectively over three kinds of ground planes Fig .7 compares the PMM simulated return loss of a dipole antenna over a PEC, EBG and optimized FSS ground plane. The input impedance is matched to a 50 0 transmission line. With the PEC surface as the ground plane, the return loss of the dipole is only -3.5dB. This is because the PEC surface has a 180 reflection phase, so that the direction of the image current is opposite to that of the original dipole. The reverse image current impedes the efficiency of the radiation of the dipole, resulting in a very poor return loss.
The best return loss of -27 dB is achieved by the dipole antenna over the EBG ground plane and the optimized FSS. The reflection phases of the two structures vary with frequency from 180 to 180. In a certain frequency band, the EBG surface successfully serves as the ground plane of a low profile dipole, so that the dipole antenna can radiate efficiently. From this comparison it can be seen that the optimized FSS is a good equivalent to the EBG structure as a ground plane candidate for a low profile wire antenna design.
IV. CONCLUSION
In this paper we present a novel technique to optimize the simple square-loop structure so that it can show in-phase reflection characteristic in some broad-band. We use the new structure as the ground plane of a dipole antenna , the result is compared with PEC and EBG ground planes, which proves this technique is efficient and practical.
